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RI0RGHO$
)LJ%DODQFLQJ%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO%
)LJ8QEDODQFHG%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO&
)LJ8QEDODQFHG%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO&
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
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
&+$37(5
,1752'8&7,21
$PDMRUVWFHQWXU\DOWHUQDWLYHLQFRQFUHWHFRQVWUXFWLRQVFKHPHVLVWKHXVDJHRIWKH
FRQFHSWRISUHVWUHVVLQJ0RVWQRWDEOHRIVXFKFRQVWUXFWLRQHYROXWLRQLVWKHHPSOR\PHQWRISRVW
WHQVLRQLQJWHFKQLTXHLQUHLQIRUFHGFRQFUHWHVWUXFWXUDOV\VWHPV7KLVDIIRUGVHQJLQHHUVWKHDELOLW\
WRDFKLHYHIHDWVVXFKDVPHHWLQJWKHDHVWKHWLFDSSHDORIWKHLUFOLHQWHOHKLJKO\FRPSHWLWLYHLQLWLDO
FRVWVDYLQJFRPSDUHGWRFRQVWUXFWLRQE\RWKHUPHWKRGVORZPDLQWHQDQFHFRVWDQGWKHREYLRXV
VSHHGRIFRQVWUXFWLRQ)H\HUPXWK
&RXSOHGZLWKSRVWWHQVLRQLQJLVWKHXWLOL]DWLRQRIFRQWLQXRXVEHDPVLQWKHGHVLJQRI
UHLQIRUFHGFRQFUHWHDQGRWKHUVWUXFWXUDOV\VWHPV&RQWLQXLW\DIIRUGVWKHGHVLJQHUVGHVLUDEOH
IHDWXUHVOLNHORZHULQJWKHVWUHVVHVDQGPRPHQWVDWPLGVSDQV7KLVUHVXOWVLQFRQFUHWHEHDPVWKDW
DUHVKDOORZHUDQGVWLIIHUDVFRPSDUHGWRVLPSO\VXSSRUWHGEHDPV7KHUHIRUHUHGXFHGFRVWRI
PDWHULDOVDQGFRQVWUXFWLRQUHVXOWIURPWKHPHULWRIGHVLJQLQJOLJKWHUVWUXFWXUHVZLWKOLJKWHU
IRXQGDWLRQV
+RZHYHUWKHVHDGYDQWDJHVGRQRWFRPHZLWKRXWVHWEDFNV3RVWWHQVLRQHGFRQFUHWH
EHDPVFRQQHFWHGWRFROXPQVPD\FDXVHDUHGXFWLRQLQWKHD[LDOFRPSUHVVLYHIRUFHVLQWKH
FRQFUHWHRIWKHEHDP,WLVFRPPRQSODFHWRLJQRUHORVVHVGXHWRUHVWUDLQWVLQWKHDQDO\VLVRIWKH
SRVWWHQVLRQHGFRQFUHWHEHDPV$PHULFDQ&RQFUHWH,QVWLWXWH$&,SURSRVHVWKDWORVVHVGXH
WRUHVWUDLQLQJHIIHFWVZKLFKFRXOGEHIDLUO\VLJQLILFDQWVKRXOGEHDFFRXQWHGIRULQGHVLJQVLQ
RUGHUIRUVWUXFWXUDOV\VWHPVWRSRVVHVVWKHGHVLUHGEHKDYLRU7KHGHYHORSPHQWRIODWHUDOIRUFHV
DQGPRPHQWVLQWKHVXSSRUWLQJFROXPQVDOVRZDUUDQWVDGGLWLRQDOUHLQIRUFHPHQWVDWWKHVH


VXSSRUWV/DVWO\FRQWLQXLW\LQSRVWWHQVLRQHGFRQFUHWHEHDPVGRHVFRPHZLWKWKHGLVDGYDQWDJH
RIGHYHORSLQJGHJUHHVRIIULFWLRQDOORVVHVGHSHQGLQJRQWKHFRPSOH[LW\RIWKHWHQGRQSURILOH
5HVHDUFKDQGH[SHULHQFHKDYHFRQWLQXRXVO\FRQWULEXWHGWRVDIHDQGHFRQRPLFDOZD\VRI
DGGUHVVLQJWKHVHFRQFHUQV0RUHRYHUWKURXJKDSSURSULDWHGHVLJQDQGFRQVWUXFWLRQRIWKHILQDO
VWUXFWXUDOV\VWHPWKHVHVHWEDFNVFRXOGEHIDLUO\DOOHYLDWHG

 5HVHDUFK*RDOV
7KHJRDOVRIWKLVUHVHDUFKDUHWR
 'HWHUPLQHWKHD[LDOFRPSUHVVLYHIRUFHVLQWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPVRIWZRWZR±ED\RQH±VWRUH\FRQFUHWHIUDPHVDWWKHWLPHRILQLWLDOSUHVWUHVV
WUDQVIHU
 'HWHUPLQHWKHDGHTXDF\RI/RDG%DODQFLQJ0HWKRGLQHVWLPDWLQJWKHQHWD[LDO
FRPSUHVVLYHIRUFHVLQWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPVRIERWKIUDPHVDW
WKHWLPHRILQLWLDOSUHVWUHVVWUDQVIHU
 &RPSXWHWKHH[WUHPHFRQFUHWHILEHUVWUHVVHVRIWKHSRVWWHQVLRQHGFRQWLQXRXV
FRQFUHWHEHDPVRIERWKIUDPHVDWWKHWLPHRILQLWLDOSUHVWUHVVWUDQVIHU


&+$37(5
/,7(5$785(5(9,(:
 (IIHFWV'XHWR5HVWUDLQWV
)RUVLPSO\VXSSRUWHGEHDPWKHHIIHFWRISUHVWUHVVLQJLVWKHD[LDOIRUFHHTXDOWRWKH
SUHVWUHVVLQJIRUFH+RZHYHUDFRQFUHWHEHDPULJLGO\UHVWUDLQHGE\DGMRLQLQJFROXPQVOHDGVWR
FRPSUHVVLYHIRUFHGHILFLWVLQWKHFRQFUHWHRIWKHEHDP
,IDFRQFUHWHEHDPLVQRWDOORZHGWRGHIRUPIUHHO\XQGHUFRPSUHVVLYHIRUFHSDUWRIWKH
FRPSUHVVLYHIRUFHLVORVWWRWKHDGMRLQLQJFROXPQV7KHUHDFWLRQVJHQHUDWHGDWWKHVXSSRUW
ORFDWLRQRIWKHDGMRLQLQJFROXPQVDUHHYLGHQFHRIWKHVHGHILFLWV6XEVHTXHQWWHPSHUDWXUH
GLIIHUHQWLDOVDOVROHDGVWRIXUWKHUWUDQVIHURIWKHIRUFHWRWKHUHVWUDLQLQJFROXPQV.HOOH\

 7HQGRQ'LVFUHWL]DWLRQ0HWKRG
7HQGRQ'LVFUHWL]DWLRQLVRQHRIWKUHHPRGHOLQJWHFKQLTXHVWKDWPRGHOVWKHHIIHFWRIWKH
WHQGRQDVDORDGLQJFRPSRQHQWRIWKHKRVWLQJHOHPHQWUHVLVWLQJDQ\H[WHUQDODSSOLHGORDGLQJ
$ODPL7KHRWKHUWZRWHFKQLTXHVDUHORDGEDODQFLQJDQGPRGHOLQJWKURXJKSULPDU\
PRPHQWV
7HQGRQ'LVFUHWL]DWLRQWHFKQLTXHRIIHUVDPRUHDFFXUDWHHVWLPDWLRQRIWKHHIIHFWRI
LPPHGLDWHSUHVWUHVVLQJIRUFHDSSOLFDWLRQRQWKHFRQFUHWHEHDPWDNLQJLQWRDFFRXQWWKHOHYHORI
FRPSOH[LW\RIWKHWHQGRQSURILOH,WXWLOL]HVDQLWHUDWLYHSURFHGXUHLQZKLFKWKHLPPHGLDWH


SUHVWUHVVORVVHVDUHFRPSXWHGEDVHGRQWKHFXUUHQWSUHVWUHVVLQJIRUFH7KHSURFHGXUHLVFRQWLQXHG
XQWLOFRQYHUJHQFHLVUHDFKHG+HQFHZREEOHDQGFXUYDWXUHIULFWLRQORVVHVDULVLQJIURPWKHEHQGV
LQSDUDEROLFWHQGRQSURILOHVDQGVHDWLQJORVVHVDWMDFNLQJHQGVDUHLQFRUSRUDWHGLQWKHDQDO\VLV
UHVXOWV
:LWKWKLVWHFKQLTXHWKHSDUDEROLFWHQGRQSURILOHLVWUDQVIRUPHGLQWRDFRQWLQXRXVVHULHV
RIVWUDLJKWVORSLQJVHJPHQWV7KHIRUFHLQHDFKVHJPHQWLVWUDQVIRUPHGLQWRHTXLYDOHQWKRUL]RQWDO
DQGYHUWLFDOFRPSRQHQWIRUFHV7KHFRPSRQHQWIRUFHVDUHWKHQWUDQVIHUUHGWRWKHILEHUVRIWKH
KRVWLQJHOHPHQWLQDGGLWLRQWRDPRPHQWHTXDOWRWKHKRUL]RQWDOFRPSRQHQWWLPHVWKHHFFHQWULFLW\
IURPWKHFHQWURLGRIWKHKRVWLQJHOHPHQW,WLVZLWKWKLVWHFKQLTXHWKDW6$3SUHVWUHVVLQJ
DSSURDFKZDVEDVHGRQ

 /RDG%DODQFLQJ0HWKRG
/RDG%DODQFLQJ0HWKRG/%0LVDWHFKQLTXHEDVHGRQXWLOL]LQJWKHYHUWLFDOIRUFHRIWKH
GUDSHGRUKDUSHGSUHVWUHVVLQJWHQGRQWRFRXQWHUDFWRUEDODQFHWKHLPSRVHGORDGLQJHLWKHU
XQLIRUPO\GLVWULEXWHGORDGVRUSRLQWORDGVWRZKLFKDFRQFUHWHVWUXFWXUDOPHPEHULVVXEMHFWHGWR
/RDG%DODQFLQJ0HWKRGLQWURGXFHGE\7</LQ/LQLVRQHRIWKHWKUHHPHWKRGV
RISUHVWUHVVHGFRQFUHWHGHVLJQDQGDQDO\VLV7KHRWKHUWZRWHFKQLTXHVDUHWKHVWUHVV±FRQFHSW
ZKLFKDQDO\VHVSUHVWUHVVHGFRQFUHWHZLWKUHVSHFWWRLWVHODVWLFVWUHVVHVDQGWKHVWUHQJWK±FRQFHSW
ZKLFKGHDOVZLWKLWVXOWLPDWHVWUHQJWK
/%0RIIHUVWKHVLPSOHVWDSSURDFKWRSUHVWUHVVHGFRQFUHWHGHVLJQDQGDQDO\VLV)RU
VWDWLFDOO\GHWHUPLQDWHVWUXFWXUHVWKHDGYDQWDJHRIWKH/%0LVQRWVLJQLILFDQW+RZHYHUZKHQ


GHDOLQJZLWKVWDWLFDOO\LQGHWHUPLQDWHVWUXFWXUHV/%0RIIHUVWUHPHQGRXVDGYDQWDJHVRYHUWKH
RWKHUWZRPHWKRGVLQWHUPVRIYLVXDOL]DWLRQDQGFDOFXODWLRQV
7KHFRQFHSWEHKLQGORDGEDODQFLQJLVLOOXVWUDWHGLQWKHVLPSO\VXSSRUWHGEHDPGLDJUDP
VKRZQ
)LJ%DODQFLQJRID8QLIRUP,PSRVHG/RDG

:KHUH
:' ,PSRVHGJUDYLW\ORDGLQJNLSLQ
:E %DODQFLQJXQLIRUPO\GLVWULEXWHGORDGNLSLQ
3 3UHVWUHVVLQJIRUFHNLS
/ /HQJWKRISDUDEROLFVHFWLRQLQ
D 7HQGRQ¶VGUDSHLQ
ș
3VLQș
3FRVș§3
/
D
7UDQVYHUVHFRPSRQHQW:E
8QLIRUP/RDG:'
3DUDEROLF7HQGRQ FJV
FJF
%$
3
ș
3FRVș§3
3VLQș


ș -DFNLQJDQJOHGHJUHHV
FJF &HQWHURIJUDYLW\RIWKHFRQFUHWH
FJV 3UHVWUHVVLQJWHQGRQSURILOH
*LYHQWKHSUHVWUHVVLQJIRUFH3OHQJWKRIWKHSDUDEROLFVHFWLRQ/DQGWHQGRQ¶VGUDSH
DWKHEDODQFLQJXQLIRUPO\GLVWULEXWHGORDG:ELVFRPSXWHGE\(TXDWLRQ/LQ
:E 3D /ൗ            
$IWHUORDGEDODQFLQJWKHDQDO\VLVRISUHVWUHVVHGVLPSO\VXSSRUWHGEHDPLVUHGXFHGWRD
QRQSUHVWUHVVHGEHDPDVLOOXVWUDWHGLQ)LJXUH
)LJ6LPSO\6XSSRUWHG1RQSUHVWUHVVHG%HDP

5HVHDUFKFRQGXFWHGKDYHVKRZQWKDWQHJOHFWLQJWKHD[LDOSUHVWUHVVLQJIRUFHGXULQJIUDPH
DQDO\VLVKDVDVXEVWDQWLDOHIIHFWRQWKHUHVXOWDQWD[LDOIRUFHVDQGPRPHQWVLQGXFHGLQWKH
FRQFUHWHFROXPQV0RKDPPHG)XUWKHUGHIRUPDWLRQDQGD[LDOIRUFHDUHLQWURGXFHGWRWKH
:'
:E
3 3
/
$ %
ୠ
ʹ 
ୠ
ʹ 


VXSSRUWLQJFROXPQV7KHUHIRUHLWLVRISULPHLPSRUWDQFHWRDSSO\WKHKRUL]RQWDOD[LDO
FRPSRQHQWRIWKHSUHVWUHVVLQJIRUFHLQWKHDQDO\VLVRISUHVWUHVVHGFRQFUHWHIUDPHVWUXFWXUHV
,IWKHH[WHUQDODSSOLHGORDGLQFOXGLQJWKHGHDGORDGRIWKHFRQFUHWHEHDPLVH[DFWO\
EDODQFHGE\WKHWUDQVYHUVHFRPSRQHQWRIWKHSUHVWUHVVLQJIRUFHWKHUHLVQREHQGLQJLQWKHEHDP
+HQFHWKHEHDPLVFRQVLGHUHGWREHXQGHUDXQLIRUPFRPSUHVVLYHIRUFH)
*LYHQWKHD[LDOFRPSUHVVLYHIRUFH)ZKLFKLVHTXDOWRWKHSUHVWUHVVLQJIRUFH3DQG
FURVVVHFWLRQDODUHD$FWKHFRQFUHWHILEHUVWUHVVHVGXHWRWKHD[LDOFRPSUHVVLYHIRUFHILV
FRPSXWHGE\(TXDWLRQ
I 3 $Fൗ            
+RZHYHULIWKHH[WHUQDOORDGLVQRWFRPSOHWHO\EDODQFHGE\WKHSUHVWUHVVLQJIRUFH
EHQGLQJRUIOH[XUDOVWUHVVHVUHVXOWV
5HIHUULQJWR)LJXUHWKHXQEDODQFHGEHQGLQJPRPHQWGXHWRSUHVWUHVVLQJIRUFH0XE
LVFRPSXWHGE\(TXDWLRQ
0XE 0'0E          
:KHUH
0' 0RPHQWGXHWRWKHVHOIZHLJKWRIWKHEHDPNLSLQSRVLWLYHPRPHQW
0E %DODQFLQJPRPHQWSURYLGHGE\WKHSUHVWUHVVLQJIRUFHNLSLQQHJDWLYHPRPHQW
+HQFHWKHEHQGLQJVWUHVVIGXHWRWKHXQEDODQFHGEHQGLQJPRPHQW0XELVFRPSXWHG
E\(TXDWLRQ


I 0XE\ ,ൗ            
:KHUH
\ 'LVWDQFHWRWRSRUERWWRPRIWKHFURVVVHFWLRQIURPWKHFHQWHURIJUDYLW\LQ
, 0RPHQWRILQHUWLDRIWKHFURVVVHFWLRQRIWKHEHDPLQ
7KHUHIRUHWKHHIIHFWLYHVWUHVVLVFRPSXWHGE\(TXDWLRQZLWKWKHQHJDWLYHVLJQ
LQGLFDWLQJVWUHVVHVLQFRPSUHVVLRQDQGWKHSRVLWLYHVLJQLQGLFDWLQJVWUHVVHVLQWHQVLRQ
I  3 $Fൗ 
0XEL 6ൗ           
:KHUH6 6HFWLRQDOPRGXOXVRIWKHFRQFUHWHVHFWLRQLQ
6 , \ൗ            

 $&,±)OH[XUDO5HTXLUHPHQWV
$&,PDNHVWKHIROORZLQJVHUYLFHDELOLW\UHTXLUHPHQWVIRUIOH[XUDOPHPEHUVDWWLPHRI
LQLWLDOSUHVWUHVVWUDQVIHU
 ([WUHPHFRQFUHWHILEHUVWUHVVHVLQFRPSUHVVLRQVKDOOQRWH[FHHGI
FL
 ([WUHPHFRQFUHWHILEHUVWUHVVHVLQWHQVLRQVKDOOQRWH[FHHGටI൏FL
:KHUH
I
FL 6SHFLILHGFRPSUHVVLYHVWUHQJWKRIFRQFUHWHDWWLPHRILQLWLDOSUHVWUHVVLQJSVL


7KHLQLWLDOFRPSUHVVLYHVWUHVVI
FLRIFRQFUHWHFDQEHFRPSXWHGZLWK(TXDWLRQ1DZ\

I
FL ൫W Wൗ ൯F          
:KHUH
IF 6SHFLILHGFRPSUHVVLYHVWUHQJWKRIFRQFUHWHDWGD\VSVL
W 7LPHRISRVWWHQVLRQLQJGD\VZKLFKLVFRPPRQO\GD\V







 


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0(7+2'2/2*<
6WHSE\VWHSDSSURDFKIRUWKHPRGHOLQJRIWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHIUDPHV
XVLQJ6$3SUHVWUHVVLQJDSSURDFKDQG/RDG%DODQFLQJ0HWKRGDUHSUHVHQWHGDVIROORZV
 %RXQGDU\&RQGLWLRQV
7KHH[FLWDWLRQIRUFHVIRUWKH/RDG%DODQFLQJ0HWKRG/%0ZDVWKHSUHVWUHVVLQJIRUFHDW
DQFKRUDJHLQLWLDOSUHVWUHVVLQJIRUFH7KHUHIRUHIULFWLRQHODVWLFVKRUWHQLQJDQGDQFKRUDJHVOLS
ZHUHLQKHUHQWO\DFFRXQWHGIRULQWKHHVWLPDWLRQRIWKHSUHVWUHVVLQJIRUFH
+RZHYHUWKHLQLWLDOSUHVWUHVVLQJIRUFHFRPSXWHGIRUWKH/%0ZDVXVHGDVWKHMDFNLQJ
IRUFHIRUWKH6$3SUHVWUHVVLQJDSSURDFK7KLVDLGHGLQDVFHUWDLQLQJZKHWKHUWKHFKDQJHLQ
VWUHVVDORQJWKHWHQGRQOHQJWKFRXOGKDYHDVLJQLILFDQWHIIHFWLQWKHDQDO\VLVUHVXOWVRIWKH/RDG
%DODQFLQJ0HWKRG/RQJ±WHUPSUHVWUHVVORVVHVLQFOXGLQJFUHHSVWUHVVVKULQNDJHVWUHVVDQGVWHHO
UHOD[DWLRQZHUHQRWFRQVLGHUHGZKHQPRGHOLQJWKHWHQGRQV
7KHFRQWLQXRXVFRQFUHWHEHDPVRIWKHIUDPHVZHUHSULVPDWLFZLWKQRFKDQJHWRWKHLU
FHQWURLGDOD[LV7KHWKUHHVXSSRUWLQJFROXPQVZHUHDOVRSULVPDWLFKDYLQJFRQVWDQWPDWHULDODQG
JHRPHWULFSURSHUWLHV
0RQROLWKLFEHDPFROXPQFRQQHFWLRQVZHUHDVVXPHGIRUERWKPRGHOVDQGKHQFHZHUH
PRGHOHGDVVXFK7KHVXSSRUWFRQGLWLRQVDWWKHEDVHRIWKHFROXPQVZHUHPRGHOHGIL[HG


 0RGHOV
7ZRGRFXPHQWHGQXPHULFDOH[DPSOHVZHUHIRXQGDQGUHVHDUFKHGRQ7KHVHH[DPSOHV
FRQVLVWHGRIDSULVPDWLFFRQFUHWHFRQWLQXRXVEHDPRYHUWKUHHFRQFUHWHVXSSRUWLQJFROXPQV
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HDFKVHJPHQWRI0RGHO&
7DEOH8QEDODQFHG/RDGVRI0RGHO&
6HJPHQW ,PSRVHG'HDG/RDG:'NLSLQ
%DODQFLQJ/RDG:EL
NLSLQ
8QEDODQFHG/RDG:XEL
NLSLQ
 Ļ Ĺ Ĺ
 Ļ Ĺ Ĺ
 Ļ Ļ Ļ
 Ļ Ļ Ļ
 Ļ Ĺ Ĺ
 Ļ Ĺ Ļ
)LJXUHDQG)LJXUHLOOXVWUDWHERWK0RGHO&DQG0RGHO&XQGHUKRUL]RQWDO
D[LDODQGYHUWLFDOFRPSRQHQWRIWKHLQLWLDOSUHVWUHVVLQJIRUFHNLSVDQGXQEDODQFHGXQLIRUPO\
GLVWULEXWHGORDGVNLSLQGXHWRLQLWLDOSUHVWUHVVLQJIRUFHXVLQJ6$3


)LJ0RGHO&
)LJ0RGHO&


&+$37(5
5(68/76
7KHVXSSRUWUHDFWLRQVD[LDOFRPSUHVVLYHIRUFHVDQGWKHLUFRUUHVSRQGLQJDEVROXWH
GLVFUHSDQFLHVDWWKHWLPHRILQLWLDOSUHVWUHVVWUDQVIHUIURPERWK6$3SUHVWUHVVLQJDSSURDFK
DQG/RDG%DODQFLQJ$SSURDFKDUHSUHVHQWHGIRUERWKPRGHOV7KHH[WUHPHFRQFUHWHILEHUVWUHVVHV
DWWKHWLPHRILQLWLDOSUHVWUHVVWUDQVIHUZHUHDOVRFRPSXWHGXVLQJ/RDG%DODQFLQJ$SSURDFKIRU
ERWKPRGHOV%RWKDSSURDFKHVZHUHVXEMHFWHGWRVWDWLFOLQHDUDQDO\VLVLQRUGHUWRDFKLHYHWKH
JRDOVRIWKLVUHVHDUFK
)LJXUHVDQGVKRZWKHGHIRUPHGVKDSHVIRU0RGHO$DQG0RGHO$UHVSHFWLYHO\
XQGHUEDODQFLQJSUHVWUHVVORDGVDIWHU6$3VWDWLFOLQHDUDQDO\VLV
)LJ'HIRUPHG6KDSHXQGHU%DODQFLQJ/RDGRI0RGHO$


)LJ'HIRUPHG6KDSHXQGHU%DODQFLQJ/RDGRI0RGHO$
)LJXUHDQG)LJXUHVKRZWKHVXSSRUWUHDFWLRQVRI0RGHOV$DQG%
)LJ6XSSRUW5HDFWLRQVNLSVRI0RGHO$


)LJ6XSSRUW5HDFWLRQVNLSVRI0RGHO%

0RGHO$PDLQWDLQHGDQDYHUDJHD[LDOFRPSUHVVLYHIRUFHRINLSVUHSUHVHQWLQJ
GHILFLWDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPEHWZHHQWKHFHQWHUOLQHVRIWKH
H[WHULRUFROXPQV$DQG&









)LJXUHLVWKHJUDSKLFDOUHSUHVHQWDWLRQRIWKHD[LDOFRPSUHVVLYHIRUFHGLVWULEXWLRQ
DORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPRI0RGHO$
)LJ&RQFUHWH%HDP&RPSUHVVLYH)RUFH'LVWULEXWLRQIRU0RGHO$








)LJXUHVKRZVWKHVWDWLRQVRILQWHUHVWDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPZKHUHWKH6$3UHVXOWVRIWKHD[LDOFRPSUHVVLYHIRUFHVRIERWKDSSURDFKHVZHUHWDNHQ
DQGWDEXODWHGIRU0RGHO
)LJ0RGHO5HVXOW6WDWLRQV
7DEOHVKRZVWKHD[LDOFRPSUHVVLYHIRUFHVDEVROXWHGLVFUHSDQFLHVDQGWKHLU
SHUFHQWDJHGLVFUHSDQFLHVDWWKHVWDWLRQVRILQWHUHVWDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPVRI0RGHO$DQG0RGHO%
7DEOH$[LDO&RPSUHVVLYH)RUFHVDORQJ&RQWLQXRXV%HDPVRI0RGHO$DQG0RGHO%
6WDWLRQ
LQ $[LDO&RPSUHVVLYH)RUFH)NLSV 'LVFUHSDQF\NLSV 'LVFUHSDQF\
6WDWLRQVRI,QWHUHVW

0RGHO$  



0RGHO% 

0RGHO$  


0RGHO% 


6WDWLRQ 6WDWLRQ


)LJXUHDQG)LJXUHVKRZVXSSRUWUHDFWLRQVRI0RGHOV$DQG%
)LJ6XSSRUW5HDFWLRQVNLSVRI0RGHO$
)LJ6XSSRUW5HDFWLRQVNLSVRI0RGHO%


7KHGLVWULEXWLRQRIWKHD[LDOFRPSUHVVLYHIRUFHVDORQJWKHSRVWWHQVLRQHGFRQWLQXRXV
FRQFUHWHEHDPRI0RGHO$VKRZHGDVLJQLILFDQWYDULDWLRQZLWKUHIHUHQFHWRERWKVSDQV7KHOHIW
VSDQDQGWKHULJKWVSDQKDGDYHUDJHFRPSUHVVLYHIRUFHRINLSVDQGNLSV
UHVSHFWLYHO\EHWZHHQWKHFHQWHUOLQHVRIWKHH[WHULRUFROXPQV$DQG&7KHVHUHSUHVHQWDYHUDJH
SHUFHQWDJHGHILFLWVRIDQGUHVSHFWLYHO\
)LJXUHLVWKHJUDSKLFDOUHSUHVHQWDWLRQRIWKHD[LDOFRPSUHVVLYHIRUFHGLVWULEXWLRQ
DORQJERWKVSDQVRIWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPRI0RGHO$
)LJ&RQFUHWH%HDP&RPSUHVVLYH)RUFH'LVWULEXWLRQRI0RGHO$


)LJXUHVKRZVWKHVWDWLRQVRILQWHUHVWDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPZKHUHWKH6$3UHVXOWVRIWKHD[LDOFRPSUHVVLYHIRUFHVRIERWKDSSURDFKHVZHUHWDNHQ
DQGWDEXODWHGIRU0RGHO
)LJ0RGHO5HVXOW6WDWLRQV



6WDWLRQ 6WDWLRQ 6WDWLRQ 6WDWLRQ


7DEOHVKRZVWKHD[LDOFRPSUHVVLYHIRUFHVDEVROXWHGLVFUHSDQFLHVDQGWKHLU
SHUFHQWDJHGLVFUHSDQFLHVDWWKHVWDWLRQVRILQWHUHVWDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPVRI0RGHO$DQG0RGHO%
7DEOH$[LDO&RPSUHVVLYH)RUFHVDORQJ&RQWLQXRXV%HDPVRI0RGHO$DQG0RGHO%
6WDWLRQ
LQ $[LDO&RPSUHVVLYH)RUFH)NLSV 'LVFUHSDQF\NLSV 'LVFUHSDQF\
6WDWLRQVRI,QWHUHVW

0RGHO$  



0RGHO% 

0RGHO$  


0RGHO% 

0RGHO$  


0RGHO% 

0RGHO$  


0RGHO% 

)LJXUHVDQGVKRZWKHEDODQFLQJEHQGLQJPRPHQWGLDJUDPVRQWKHWHQVLRQ
VLGHGXHWRLQLWLDOSUHVWUHVVLQJIRUFHIRU0RGHO$DQG0RGHO%UHVSHFWLYHO\
)LJ%DODQFLQJ%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO$


)LJ%DODQFLQJ%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO%

)LJXUHVDQGVKRZWKHEDODQFLQJEHQGLQJPRPHQWGLDJUDPVRQWKHWHQVLRQ
VLGHGXHWRLQLWLDOSUHVWUHVVLQJIRUFHIRU0RGHO$DQG0RGHO%UHVSHFWLYHO\
)LJ%DODQFLQJ%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO$
)LJ%DODQFLQJ%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO%


7KHVSHFLILHGFRPSUHVVLYHVWUHQJWKRIFRQFUHWHDWWLPHRIWKHLQLWLDOSUHVWUHVVWUDQVIHU
 ᇱୡ୧RIWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPVRI0RGHODQG0RGHOZDVFRPSXWHGDV
IROORZV
 ᇱୡ SVL
W GD\V
I൏FL 
W
W IF
I
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
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I
FL SVL§SVL
7KHUHIRUHDFFRUGLQJWRWKH$&,
0D[LPXPDOORZDEOHILEHUVWUHVVLQFRPSUHVVLRQ I
FL
      î SVL
0D[LPXPDOORZDEOHILEHUVWUHVVLQWHQVLRQ ටI൏FL
      ξ SVL





)LJXUHVKRZVWKHXQEDODQFHGEHQGLQJPRPHQWGLDJUDPRQWKHWHQVLRQVLGHGXHWR
LQLWLDOSUHVWUHVVLQJIRUFHIRU0RGHO&
)LJ8QEDODQFHG%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO&
7KHIROORZLQJLVDVWHSZLVHFRPSXWDWLRQRIWKHH[WUHPHFRQFUHWHILEHUVWUHVVGXHWRLQLWLDO
SUHVWUHVVLQJIRUFHDWWKHVWDWLRQRIPD[LPXPXQEDODQFHGEHQGLQJPRPHQWZKLFKLVWRWKH
OHIWDQGULJKWRIWKHFHQWHUOLQHRIWKHLQWHULRUFROXPQ6WDWLRQVDQGDORQJWKHSRVW
WHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPRI0RGHO&
*LYHQ
&URVVVHFWLRQDODUHD$F LQ
6HFWLRQPRGXOXVUHODWLQJWRWKHWRSILEHUV6W LQ
6HFWLRQPRGXOXVUHODWLQJWRWKHERWWRPILEHUV6E LQ
&RPSUHVVLYHIRUFH) ,Eሺ&ሻ,QLWLDOSUHVWUHVVLQJIRUFH3L ,E
0RPHQWGXHWRLPSRVHGJUDYLW\ORDG0' LQ,E1HJDWLYHPRPHQW


%DODQFLQJPRPHQW0EL LQ,E3RVLWLYHPRPHQW
8QEDODQFHGPRPHQW0XEL  LQ,E
7RSILEHUVWUHVVIW  )$F 
0XEL
6W 
IW   

 
IW SVL&
&KHFNLQJWKH$&,FRGHVHUYLFHDELOLW\UHTXLUHPHQW
IW SVLI
FL SVL
%RWWRPILEHUVWUHVVIE 
)
$F 
0XEL
6E 
IE 

 

 
IE SVL7
&KHFNLQJWKH$&,FRGHVHUYLFHDELOLW\UHTXLUHPHQW
IE SVLටI൏FL SVL
7KHSURFHGXUHRXWOLQHGIRUWKHFRPSXWDWLRQRIH[WUHPHFRQFUHWHILEHUVWUHVVHVGXHWR
LQLWLDOSUHVWUHVVLQJIRUFHDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPRI0RGHO&LV
H[DFWO\IROORZHGIRUWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPRI0RGHO&



)LJXUHVKRZVWKHXQEDODQFHGEHQGLQJPRPHQWGLDJUDPRQWKHWHQVLRQVLGHGXHWR
LQLWLDOSUHVWUHVVLQJIRUFHRI0RGHO&
)LJ8QEDODQFHG%HQGLQJ0RPHQW'LDJUDPNLSLQRI0RGHO&

7KHFURVVVHFWLRQDODUHDDQGVHFWLRQPRGXOXVRIWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPRI0RGHODUHDVIROORZV
&URVVVHFWLRQDODUHD$F LQ
6HFWLRQPRGXOXVUHODWLQJWRWKHWRSILEHUV6W LQ
6HFWLRQPRGXOXVUHODWLQJWRWKHERWWRPILEHUV6E LQ
7KHH[WUHPHFRQFUHWHILEHUVWUHVVHVGXHWRLQLWLDOSUHVWUHVVLQJEHIRUHVWUHVVORVVHVDWWKH
VWDWLRQRIPD[LPXPXQEDODQFHGEHQGLQJPRPHQWZKLFKLVWRWKHOHIWRIWKHFHQWHUOLQHRIWKH
LQWHULRUFROXPQ6WDWLRQDORQJWKHSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWHEHDPRI0RGHO&LV
LOOXVWUDWHGLQ7DEOH




7DEOH([WUHPH&RQFUHWH)LEHU6WUHVVHVDORQJ&RQWLQXRXV%HDPRI0RGHO&
6WUHVV3DUDPHWHU 0RGHO&
)NLSV 
0'NLSLQ 
0ELNLSLQ 
0XELNLSLQ 
IWSVL &
IESVL 7

+HQFHIRUWKHFRPSXWDWLRQRIWKHFRQFUHWHILEHUVWUHVVHVIRUDFRQWLQXRXVFRQFUHWHEHDP
ULJLGO\FRQQHFWHGWRFROXPQVWKHKRUL]RQWDOD[LDOFRPSRQHQWRIWKHLQLWLDOSUHVWUHVVLQJIRUFHLV
UHSODFHGE\WKHFRQFUHWHD[LDOFRPSUHVVLYHIRUFHV)7KLVPRGLILFDWLRQLVDVDUHVXOWRI
UHVWUDLQLQJHIIHFWRIWKHFROXPQVWDNLQJSDUWRIWKHSUHVWUHVVLQJIRUFHEHLQJWUDQVIHUUHGWRWKH
FRQFUHWHRIWKHEHDPGXULQJSRVWWHQVLRQLQJ
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

 


&+$37(5
&21&/86,21
7ZRWZR±ED\RQH±VWRUH\FRQFUHWHIUDPHVZLWKSRVWWHQVLRQHGFRQWLQXRXVFRQFUHWH
EHDPVZHUHPRGHOOHGDQGXQGHUZHQWVWDWLFOLQHDUDQDO\VLVXVLQJ6$37ZRDSSURDFKHVRI
IRUFHDSSOLFDWLRQZHUHXWLOL]HG7KHILUVWDSSURDFKZDVWKHDSSOLFDWLRQRISUHVWUHVVLQJWKURXJKWKH
XVHRISDUDEROLFLQWHUQDOWHQGRQVDQGWKHVHFRQGDSSURDFKZDVWKHDSSOLFDWLRQRI/RDG%DODQFLQJ
0HWKRG/%0
7KLVUHVHDUFKUHLQIRUFHVWKHFODLPWKDWLIDSUHVWUHVVHGFRQFUHWHEHDPLVULJLGO\FRQQHFWHG
WRFRQFUHWHFROXPQVSDUWRIWKHFRPSUHVVLYHIRUFHLQWKHFRQFUHWHRIWKHEHDPLVORVWWRWKH
FROXPQV7KHORVVHVDUHWUDQVODWHGWRWKHVKHDUUHDFWLRQVDWWKHVXSSRUWV
&RUUHODWLRQVWXGLHVEHWZHHQWKHQHWD[LDOFRPSUHVVLYHIRUFHVUHVXOWVRIERWKPRGHOVIURP
ERWKDSSURDFKHVZHUHFDUULHGRXW7KHGLVFUHSDQFLHVZHUHZLWKLQDFFHSWDEOHOLPLWVZKLFKGHSLFW
WKHDFFXUDF\RIWKHEDODQFLQJORDGVPHWKRGRORJ\XVHG)URPWKHVHFRQFXUUHQFHFKHFNVLWFDQEH
LQIHUUHGWKDW/%0FDQEHDSSOLHGWRWKHVWDWLFIUDPHDQDO\VLVRISRVWWHQVLRQHGFRQFUHWHEHDPV
7KHH[WUHPHFRQFUHWHILEHUVWUHVVHVIRUERWKPRGHOVXQGHU/%0ZHUHFRPSXWHG7KH
YDOXHVREWDLQHGZHUHWKHQXVHGWRYHULI\WKHLUFRPSOLDQFHZLWKWKH$&,VHUYLFHDELOLW\
UHTXLUHPHQWIRUIOH[XUDOPHPEHUV
/DVWO\LWLVFRPPRQSUDFWLFHWRHTXDWHWKHSUHVWUHVVLQJIRUFHWRWKHD[LDOFRPSUHVVLYH
IRUFHLQFRPSXWLQJWKHD[LDOFRPSUHVVLYHVWUHVVLQWKHFRQFUHWHEHDP+RZHYHUWKLVUHVHDUFKKDV


SURYHQWKDWWKHFRQFUHWHD[LDOFRPSUHVVLYHIRUFHQRWWKHSUHVWUHVVLQJIRUFHVKRXOGEHXVHGWR
FRPSXWHWKHD[LDOFRPSUHVVLYHVWUHVVRISRVWWHQVLRQHGFRQFUHWHEHDPVLQIUDPHDQDO\VLV
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
5()(5(1&(6
$DODPL%³6WUXFWXUDO0RGHOLQJRI3RVWWHQVLRQHG0HPEHUV´-RXUQDORI6WUXFWXUDO
(QJLQHHULQJ$6&(9ROSS
$&,&RPPLWWHH&RPPHQWDU\RQ%XLOGLQJ&RGH5HTXLUHPHQWIRU6WUXFWXUDO&RQFUHWH
$PHULFDQ&RQFUHWH,QVWLWXWH'HWURLW0,
)UH\HUPXWK&³6HJPHQWDO%ULGJHV$0DMRUVW&HQWXU\$OWHUQDWLYH´
5HWULHYHGIURPKWWSZZZVWUXFWXUHPDJRUJ2OG$UFKLYHV2FWREHU&&,
6HJPHQWDO&RQFUHWH%ULGJHV2FWSGI
+XUVW0.3UHVWUHVV&RQFUHWH'HVLJQQG(G:LOH\1<
.HOOH\*³3UHVWUHVV/RVVHVLQ3RVWWHQVLRQHG6WUXFWXUHV´3RVWWHQVLRQLQJ&RQFUHWH
,QVWLWXWH7HFKQLFDO1RWHV3KRHQL[$5
/LQ7³/RDG%DODQFLQJ0HWKRGIRU'HVLJQDQG$QDO\VLVRI3UHVWUHVVHG&RQFUHWH
 6WUXFWXUHV´$PHULFDQ&RQFUHWH,QVWLWXWH3URFHHGLQJV9RO1R
0RKDPPHG$:(IIHFWVRI$[LDO&RPSRQHQWRI3UHVWUHVVLQ/RDG%DODQFLQJ
0HWKRG7KHVHV3DSHU
1DZ\(*3UHVWUHVVHG&RQFUHWH$)XQGDPHQWDO$SSURDFKWK(G3HDUVRQ
 (GXFDWLRQ,QF8SSHU6DGGOH5LYHU1-
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




$33(1',;


7DEOH$6HFWLRQDO3URSHUWLHVRI3RVWWHQVLRQHG&RQWLQXRXV%HDPVIRU0RGHOVDQG
*HRPHWULF3URSHUWLHV 3RVWWHQVLRQHG%HDP0RGHO 3RVWWHQVLRQHG%HDP0RGHO
&URVVVHFWLRQDO$UHDLQ  
0RPHQWRI,QHUWLD,LQ  
6HFWLRQ0RGXOXV6LQ  
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
9,7$
*UDGXDWH6FKRRO
6RXWKHUQ,OOLQRLV8QLYHUVLW\

.RMR$PSRQVDK1NXDNR

NDQNXDNR#JPDLOFRP

,QVWLWXWHRI&RPPHUFLDO0DQDJHPHQW%RXUQHPRXWK(QJODQG
$GYDQFHG'LSORPD3URMHFW0DQDJHPHQW1RYHPEHU

.ZDPH1NUXPDK8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\.XPDVL*KDQD
%DFKHORURI6FLHQFH&LYLO(QJLQHHULQJ-XQH

7KHVLV7LWOH
(IIHFW RI %HDP – &ROXPQ ,QWHUDFWLRQ RQ $[LDO &RPSUHVVLYH )RUFH LQ 3RVW–tHQVLRQHG
&RQWLQXRXV&RQFUHWH%HDP

0DMRU3URIHVVRU'U-.HQW+VLDR

